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Abstract
Introduction Men and women joining the military undergo the same training, often in mixed-sex platoons. Given the inher-
ent physiological and physical performance differences between men and women, it is reasonable to question whether sex 
differences exist in the adaptation to military training and, therefore, whether sex-specific training should be employed to 
optimise training adaptations.
Objective To systematically review the literature evaluating changes in the physical performance of men and women fol-
lowing military training.
Methods Six database sources were searched in addition to extensive secondary searching. Primary prospective interven-
tion studies (all designs) evaluating physical training interventions in military populations, reporting pre- to post-training 
changes in physical fitness outcomes for both women and men, were included.
Results We screened 3966 unique records. Twenty-nine studies (n = 37 study reports) were included, most of which were 
conducted in the USA and evaluated initial training for military recruits. Positive changes were more consistently observed 
in aerobic fitness and muscle strength (whole body and upper body) outcomes than lower body strength, muscle power or 
muscle endurance outcomes, following physical training. Relative pre- to post-training changes for all outcome measures 
tended to be greater in women than men although few statistically significant sex by outcome/time interactions were observed.
Conclusion Improvements in some, but not all, performance components were observed following a period of military train-
ing. Largely, these improvements were not significantly different between sexes. Further prospective research is needed to 
evaluate sex-specific differences in the response to physical training in controlled conditions to improve military physical 
training outcomes for both sexes.
Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4027 9-018-0983-4) contains 
supplementary material, which is available to authorized users.
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Key Points 
Some aspects of physical performance are improved 
following military training in both military men and 
women.
Typically, there were no sex differences in the physical 
performance adaptation to military training.
It seems sex-specific military training may not be neces-
sary to achieve some improvements in physical perfor-
mance.
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1 Introduction
Preparation of personnel for military roles begins with an 
initial phase of basic military training (BMT), typically 
ranging from 6 to 14 weeks (depending on arm of service/
nation), followed by a period of specialist ‘trade’ training. 
The purpose of BMT is to transform a civilian into a trained 
soldier, with a focus on field craft, map reading, weapon 
handling and formal physical training. Women typically train 
alongside men during BMT, with the exception of standard 
entrants in the British Army, who, since 2006, have com-
pleted identical training courses in single-sex platoons.
Despite men and women undergoing the same BMT, little 
is currently known about whether men and women adapt in 
a similar manner to physical training. Given the sex differ-
ences in physiology and physical performance [1], and in the 
physical demands of BMT [2, 3], we may reasonably expect 
men and women to adapt differently to physical training. Sex 
differences in the adaptation to military training would high-
light a potential need to train men and women differently to 
optimise training outcomes. Moreover, sex-specific training 
would have implications for typical delivery of BMT, and, 
combined with the typically lower performance levels of 
women, the recent introduction of women into physically 
arduous Ground Close Combat (GCC) roles across a number 
of nations including the UK, USA and Australia.
We conducted a systematic review with the primary aim 
of understanding sex differences in physical performance 
changes following military training. A secondary aim of the 
review was to understand the components of fitness devel-
oped to the greatest degree during military training, evalu-
ating any sex differences in improvements of these fitness 
components. Given that the effectiveness of a GCC soldier is 
underpinned by physical employment standards spanning the 
range of fitness components, understanding the components 
of fitness that require greatest focus/represent the greatest 
sex difference in performance will enable development of 
training strategies to appropriately prepare women for the 
demands of GCC employment.
2  Methods
This systematic review was undertaken following guidance 
published by the National Health Service (NHS) Centre for 
Reviews and Dissemination [4]. This systematic review is 
reported in accordance with PRISMA reporting guidelines. 
The protocol for this review is registered with PROSPERO: 
CRD42016032870.
2.1  Study Identification
The following bibliographic databases were systematically 
searched in December 2015: MEDLINE and MEDLINE in 
Process via Ovid; Embase via Ovid; CINAHL via EBSCO; 
HMIC via Ovid; SPORTDiscus via EBSCO; and Web of 
Science via Thomson Reuters (including conference pro-
ceedings). The search strategy took the following form: 
(terms for tri-service populations) and (terms for training 
or physical training) and (terms for men and women). The 
searches were not limited by language and they were run 
from database inception, in each case.
The following supplementary search methods were 
undertaken: web searching [the meta-search engine Dog-
pile was used and specific websites were hand-searched 
(e.g. Defence Technical Information Centre)], a search of 
PubMed [5] restricted to e-publications, and grey literature 
searching [via Open Grey and integrating grey literature pro-
vided by the Defence Science and Technology Laboratory 
(DSTL)] [6].
All studies included at full-text were forwards citation 
chased (using Scopus via Elsevier) and backwards citation 
chased for 1 generation (manually). Where possible, and for 
studies published after 1999, study authors were contacted to 
identify any in-process or unpublished studies. Finally, lat-
eral searching on first and last authors was also undertaken 
(using Scopus via Elsevier).
The approach to study identification from this systematic 
review is transparently reported in the Electronic Supple-
mentary Material Appendix S1. Study identification was 
undertaken by CC, a qualified information specialist. All 
studies identified were loaded into Endnote 7.3 (Thomson 
Reuters) and de-duplicated. Data were retained in Research 
Information Systems (RIS) format for each database created.
2.2  Selection of Studies
An initial sample of 10% of abstracts (n = 194) were 
screened independently by three reviewers to pilot the inclu-
sion criteria and ensure consistency prior to undertaking title 
and abstract screening. Inter-rater agreement was 96.4% and 
discrepancies were resolved by discussion.
The remaining studies (n = 1755) were single-screened. 
All studies were screened hierarchically based on the exclu-
sion criteria presented in Table 1. Studies were required to 
report pre/post results following a military training pro-
gramme in the same military population, and to be prospec-
tive in design. Where the title or abstract met the criteria (or 
if this was unclear), the full text was retrieved and screened. 
Full-text screening was undertaken by two reviewers. Each 
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full text was second-screened by a third reviewer. Inter-rater 
agreement was 100%.
Systematic reviews did not satisfy the inclusion criteria 
for this review. However, any systematic reviews that were 
of topic relevance were retained and their included studies 
screened for inclusion in this systematic review.
2.3  Quality Appraisal and Data Extraction
All studies included at full-text were quality-assessed using a 
modified form of the Effective Public Health Practice Project 
(EPHPP) tool for quantitative outcome studies [7].
Study data were extracted by one reviewer and checked by 
a second reviewer, using a standardised form that included 
information on selection bias, study design, confounders, 
blinding, data collection methods and withdrawals and drop-
outs. These sub-domains were considered along with inter-
vention integrity and analysis methods to give an overall rat-
ing for the study quality. Studies could be rated as providing 
either weak, moderate or strong quality evidence.
2.4  Statistical Analysis and Data Synthesis
The studies were synthesised descriptively. Outcome 
measures were categorised initially into two overarching 
categories (‘aerobic fitness’ and ‘strength and muscular 
endurance’) and then into narrower categories within these 
two overarching categories (e.g. maximal oxygen uptake 
( V̇O
2max
 ), run time, whole body strength/power, muscle 
endurance, push-ups, sit-ups, upper/lower body strength, 
grip strength). Due to the limited validity of the studies, 
and, in particular, the few controlled studies, a full meta-
analysis could not be undertaken. Where data allowed and 
outcomes were similar, a graphical format was used to 
summarise the change between pre- and post-training and, 
if reported, any statistical significance of this change (as 
reported in the included studies by their authors). Where this 
approach was not possible, data were presented in tabular 
form. The tables report the pre- and post-training results 
along with calculated relative percentage change and any 
significant changes (as reported in the included studies by 
their authors). Relative percentage change was calculated 
as ((post score − pre score)/(pre score)). Standardised gain 
scores were not calculated as these may have been unreliable 
for within-subject designs where individual participant data 
were unavailable. Moreover, reporting absolute values and 
percentage changes allows for a more intuitive interpretation 
of the magnitude of the observed changes. To provide a sum-
mary of the observed changes, the median of the pre–post 
changes observed in each study was taken, un-weighted by 
Table 1  Exclusion criteria
Exclusion code (EX) Notes
EX1: not primary prospective intervention study in humans Include any intervention study (randomised trial, non-randomised trial, one-group 
uncontrolled study) that reports data from both before and after the interven-
tion. Exclude purely observational or retrospective studies (but include where 
prospectiveness is unclear, if pre–post data are reported.) Exclude reviews and 
other secondary research (but retain systematic reviews for subsequent reference 
checking). Exclude animal studies
EX2: not military population Include any military population
EX3: not aged 17–60 years Include studies where the sample is entirely aged between 17 and 60 years; or 
where the mean age of the sample lies between 17 and 60 years; or where sepa-
rate data on this age group are reported
EX4: not relevant outcome Include the following outcomes: muscle strength; muscle endurance; muscle 
power; aerobic capacity; anaerobic capacity; detraining response; injury (e.g. 
overuse injury, stress fracture, musculoskeletal injury); energy deficit
EX5: not physical training programme Include any form of physical training or conditioning intervention. Include multi-
component interventions with an exercise or physical training component
EX6: systematic reviews Relevant systematic reviews were kept separate for screening of their included 
studies
EX7: no data for both men and women, or different inter-
ventions for men and women
Exclude studies not reporting pre- and post-data for both men and women within 
the sample. Exclude studies not using the same outcome measure for men and 
women. Exclude studies where men and women received clearly different inter-
ventions
EX8: not the same measure and sample at pre and post Exclude studies using different outcome measures at pre and post time points. 
Exclude studies using different samples (i.e. different individuals, not counting 
attrition) at pre- and post-time points
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sample size or standard deviation. This method provides an 
indication of the approximate magnitude of the observed 
changes, but should not be regarded as a pooled effect size, 
and in some cases it subsumes heterogeneous outcome 
measures.
3  Results
3.1  Results of Searches
A total of 3966 citations were identified by our searches. 
106 studies (2.7% of the total studies identified) were taken 
forward to full-text screening and 29 studies have been 
included in this systematic review with an additional eight 
linked study reports (in total 37 included citations or 0.9% 
of the original citations identified from the search). Three 
systematic reviews (Knapik et al. [8], Wentz et al. [9] and 
Jones et al. [10]) and one meta-analysis (Courtright et al. 
[11]) were identified1 and their included studies screened 
for inclusion in this review. The PRISMA diagram is shown 
in Fig. 1.
3.2  Study Characteristics
Of the 29 included studies [2, 3, 12–38], 24 utilised a one-
group pre–post design [2, 3, 12–16, 18–21, 23–25, 27–35, 
37], three studies reported a two-group pre–post design 
[22, 26, 36], one was a randomised controlled trial [17] and 
one was a non-randomised controlled trial [38]. Six of the 
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Fig. 1  PRISMA study selection flow chart. EX1 not primary prospec-
tive intervention in humans, EX2 not military population, EX3 not 
aged 17–60 years, EX4 not relevant outcomes, EX5 not physical train-
ing programme, EX6 systematic review, EX7 no data for both men 
and women individually, EX8 not the same measure and sample for 
pre/post
1 For the purpose of this review, a systematic review was defined 
as one that has: a focused research question; explicit search criteria 
that are available to review, either in the document or on applica-
tion; explicit inclusion/exclusion criteria, defining the population(s), 
intervention(s), comparator(s), and outcome(s) of interest; a critical 
appraisal of included studies, including consideration of internal and 
external validity of the research; and a synthesis of the included evi-
dence, whether narrative or quantitative.
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studies were conducted in the UK [2, 3, 19, 25, 28, 35], 14 
in the USA [12–14, 21–24, 27, 29–33], three in Israel [16, 
37, 38], two in Australia [15, 26], two in Canada [18, 20], 
one in South Africa [36] and one in Germany [34]. The 
training intervention was typically (n = 24 studies) a basic 
combat/recruit training programme of the country of study. 
Three studies [21, 22, 36] reported a comparison between 
standard basic training and an altered version of basic train-
ing. One study [17] reported a comparison between an 
exercise programme and a combined exercise and diet pro-
gramme. Finally, one study [24] reported changes following 
a circuit-based weight-training programme. Study durations 
ranged between 6 and 14 weeks, except for Harwood et al. 
(40 weeks [19]) and Daniels et al. (23 months [14]). Out-
comes reported included measures of aerobic and anaero-
bic fitness tests, muscle strength (whole, upper and lower 
body), muscle endurance, whole-body power, grip strength 
and flexibility. Study characteristics are reported in Table 2.
Combined, a total of 12,166 participants (5683 women 
and 6483 men) were recruited to take part in these studies. 
The largest study recruited 2580 participants [22] and the 
smallest 18 participants [14]. The mean age of the partici-
pants was between 18.6 and 23.4 years, except for Marcinik 
and Hodgdon [24], Mason et al. [25] and Gambera et al. 
[17], where the mean age ranged from 27.7 to 33.8 years. 
Body mass index (BMI), where reported (n = 8) [16, 17, 
21, 22, 31, 34, 36, 37], ranged from 22.4 to 25.1 kg/m2 in 
women and between 21.1 and 27.1 kg/m2 in men. Percentage 
body fat, where reported (n = 14) [2, 3, 12, 13, 16, 23, 24, 27, 
28, 31, 32, 34, 35, 37], ranged from 20.0 to 30.8% in women 
and from 9.5 and 21.1% in men. The sample populations 
were classified within normal BMI and percentage body fat 
guidelines for active individuals and therefore indicative of 
healthy individuals. Baseline characteristics of the partici-
pants are reported in Table 3.
Most studies measured improvements only up to the end 
of the training programme, which was between 1.5 and 
4 months for all studies [2, 3, 12, 13, 15–18, 20–38], with 
the exception of two which had longer durations of 40 weeks 
[19] and 100 weeks [14]. To maximise comparability, meas-
urements collected at the end of the training programme 
have been used for the analyses below. For similar reasons, 
the analyses below treat comparative studies as multiple sin-
gle-group pre–post comparisons rather than as comparative. 
Evidence from controlled studies is considered separately 
in Sect. 3.6.
3.3  Study Quality
The results of the quality assessment are shown in Table 4. 
Most studies used a single-group or uncontrolled design, i.e. 
only one training programme was evaluated [2, 3, 12–16, 
18–21, 23–25, 27–35, 37]. Therefore, these studies did not 
receive high quality scores for study design, confounders and 
blinding (sections B, C and D, respectively). Two studies 
[17, 36] scored slightly higher, since they used comparative 
designs and two of the single-group studies reported their 
methods more clearly therefore were able to receive higher 
ratings on some of the domains resulting in a higher over-
all rating [20, 27]. There were also substantial limitations 
in the reporting of sampling and recruitment (section A) 
and attrition (section F) in most studies. In general, most of 
the studies received higher scores for reliability and valid-
ity of outcome measures (section E). Therefore, generally 
the quality of the included studies was poor. Due to the lack 
of higher-quality studies, we did not exclude lower-quality 
evidence or attempt to weight the synthesis by quality rating.
3.4  Aerobic Fitness
3.4.1  Maximal Oxygen Uptake
Thirteen studies measured maximum oxygen uptake 
( V̇O
2max
 ; Electronic Supplementary Materials Fig. S1), some 
in absolute [17, 30] and some in relative terms (per kg of 
body mass) [13, 14, 16, 26, 27, 30–32, 37, 38]. To provide a 
consistent outcome measure in this analysis, absolute values 
were divided by the mean body mass values reported for 
men and women in each study at baseline to provide these 
data in relative terms. The 13 studies reported data on 21 
female and 19 male groups. In all 40 of these groups, V̇O
2max
 
was higher after training than before; 17 of the pre–post dif-
ferences were found to be significant. In all but two of 19 
comparisons between men and women, pre–post differences 
were higher for women than for men. The median relative 
pre–post improvement was 7.4%; for men it was 4.0% and for 
women 8.2%. The median absolute pre–post improvement 
was 3.0 ml kg−1 min−1; for men it was 2.0 ml kg−1 min−1 and 
for women 3.4 ml kg−1 min−1.
Statistical comparisons between men and women were 
made by five of the 13 studies. One study found men had 
a significantly higher V̇O
2max
 than women prior to training 
but this was not assessed post-training [26], three studies 
found men had a significantly higher V̇O
2max
 than women 
both pre- and post-training [16, 30, 37] and one study found 
no significant sex by outcome interaction [27].
3.4.2  Run Time
Twelve studies measured time taken to run a certain distance 
as a measure of aerobic fitness (Electronic Supplementary 
Materials Fig. S2) [2, 3, 13, 16, 19, 21, 22, 25, 27, 28, 36, 
37]. Distances varied between 1 mile (1.6 km) and 2 miles 
(3.2 km). Apart from differences in distance, it was unclear 
whether this outcome was comparable between studies as, 
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Sex-Specific Changes in Physical Performance Following Military Training
Table 3  Baseline characteristics (mean ± SD)
Study Sex N baseline Age (years) Height (m) Weight (kg) BMI (kg/m2) % body fat
Knapik et al. [22] Female int 507 20.9 ± 3.7 1.64 ± 0.06 62.0 ± 9.7 23.0 ± 3.1 NR
Female comp 637 20.7 ± 3.4 1.64 ± 0.06 61.2 ± 9.1 22.9 ± 2.9 NR
Male int 759 20.9 ± 3.4 1.77 ± 0.07 75.6 ± 13.3 24.3 ± 3.8 NR
Male comp 630 20.7 ± 3.3 1.76 ± 0.07 74.4 ± 12.6 24.0 ± 3.7 NR
Teves et al. [32] Female 487 20.1 ± 3.2 1.63 ± 0.06 58.1 ± 6.8 NR 24.7 ± 3.8a
Male 465 19.2 ± 2.2 1.75 ± 0.07 72.4 ± 10.3 NR 16.0 ± 5.0a
Knapik et al. [23] Female 393 20.7 ± 3.2 1.62 ± 0.07 59.1 ± 7.1 NR 28.0 ± 4.7a
Male 769 19.8 ± 2.7 1.74 ± 0.07 70.9 ± 10.6 NR 16.3 ± 5.1a
Knapik et al. [21] Female 482 21.4 ± 4.0 1.63 ± 0.06 62.4 ± 9.7 23.3 ± 3.0 NR
Male 656 21.9 ± 4.1 1.77 ± 0.07 78.4 ± 13.5 25.1 ± 3.8 NR
Bell et al. [12] Female 352 20.0 ± NR 1.62 ± 0.06 57.8 ± 6.3 NR 26.6 ± 4.0b
Male 509 1.75 ± 0.07 76.3 ± 12.3 NR 16.4 ± 5.6b
Hart et al. [18] Female 278 Range 17–25 NR NR NR NR
Male 309 NR NR NR NR
Yanovich et al. [38] Female combat 221 19.0 ± 0.9 NR 60.6 ± 10.1 NR NR
Female non-combat 121 18.6 ± 0.4 NR 57.6 ± 9.5 NR NR
Male combat 78 19.2 ± 1.1 NR 69.8 ± 13.1 NR NR
Wood and Kruger [36] Female int 85 20.0 ± 3.2 1.59 ± 0.06 60.2 ± 9.0 22.4 ± 2.5 NR
Female comp 115 19.9 ± 3.1 1.60 ± 0.05 59.1 ± 8.7 22.8 ± 2.8 NR
Male int 100 20.2 ± 3.3 1.72 ± 0.06 61.8 ± 6.9 21.4 ± 2.2 NR
Male comp 73 20.5 ± 3.4 1.71 ± 0.06 62.3 ± 6.7 21.1 ± 2.4 NR
Sharp et al. [30] Female 168 21.4 ± 3.4 1.63 ± 0.06 62.6 ± 9.8 NR NR
Male 182 21.8 ± 3.4 1.77 ± 0.07 78.9 ± 12.8 NR NR
Vogel et al. [33] Female 159 19.6 ± 2.3 NR NR NR NR
Male 186 21.1 ± 2.3 NR NR NR NR
Evans et al. [16] Female 199 19.0 ± 0.9 1.62 ± 0.06 60.8 ± 10.3 23.2 ± 3.4 30.8 ± 4.8a
Male 58 19.2 ± 1.1 1.75 ± 0.07 68.9 ± 13.1 22.4 ± 3.5 17.4 ± 5.0a
Jetté et al. [20]c Female 96 19.7 ± 2.0 1.63 ± 0.06 56.6 ± 7.1 NR 53.8 ± 14.8d
Male 115 20.1 ± 2.6 1.75 ± 0.07 68.3 ± 9.8 NR 36.7 ± 14.9d
Patton et al. [27] Female 100 19.7 ± 1.9 1.60 ± 0.06 56.9 ± 6.1 NR 28.2 ± 4.6a
Male 100 19.6 ± 2.0 1.73 ± 0.07 69.6 ± 10.6 NR 16.3 ± 5.0a
Sharp et al. [29] Female 1 20 19.6 ± 1.8 NR 56.7 ± 7.1 NR NR
Female 2 24 19.1 ± 1.3 NR 57.3 ± 6.1 NR NR
Male 1 22 19.0 ± 1.5 NR 73.4 ± 11.4 NR NR
Male 2 20 19.1 ± 2.0 NR 68.2 ± 10.2 NR NR
Yanovich et al. [37] Female 108 19.0 ± 1.0 1.62 ± 0.06 60.5 ± 10.0 23.0 ± 3.4 28.6 ± 4.2a
Male 28 1.74 ± 0.07 69.4 ± 12.6 23.7 ± 4.1 17.4 ± 4.9a
Drain et al. [15] Female 20 23.1 ± 4.6 1.66 ± 0.05 64.0 ± 7.4 NR NR
Male 154 21.4 ± 4.2 1.79 ± 0.06 77.9 ± 12.1 NR NR
Sonna et al. [31] Female 85 21.7 ± 3.6 NR NR 23.1 ± 3.1 27.9 ± 6.1e
Male 62 NR NR 24.8 ± 3.0 16.4 ± 5.7e
von Restorff [34] Female 62 20.2 ± 2.4 1.68 ± 0.07 65.3 ± 8.8 23.0 ± 2.8 27.7 ± 4.0a
Male 48 20.5 ± 1.8 1.80 ± 0.08 79.7 ± 13.3 24.5 ± 2.1 17.9 ± 4.4a
Harwood et al. [19] Female 38 23.4 ± 1.7 1.67 ± 0.05 65.5 ± 5.3 NR NR
Male 68 22.8 ± 1.4 1.80 ± 0.07 77.9 ± 8.7 NR NR
Rayson et al. [28] Female 28 19.5 ± 3.2 1.66 ± 0.05 61.8 ± 7.1 NR 23.0 ± 4.0f
Male 44 20.5 ± 3.5 1.75 ± 0.08 67.7 ± 8.6 NR 10.0 ± 4.0f
Patterson et al. [26] Female 28 NR NR NR NR 78.0 ± 17.8d
Male 35 NR NR NR NR 63.7 ± 26.0d
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in many cases, limited information was reported about the 
nature of the course (e.g. the terrain covered).
The 12 studies included data on 15 male and 15 female 
groups. All but one group recorded faster mean run times 
following training [36]; 18 of these pre–post differences 
were found to be significantly improved. There was a greater 
pre–post improvement for women than for men in all 12 
studies. The median relative pre–post improvement was 
9.5% overall; for men it was 5.7% and for women 10.4%. 
The most common distance evaluated was 1.5 miles (2.4 km, 
n = 7 studies). The median absolute pre–post improvement 
was 52 s overall; for men it was 31 s and for women 73 s.
Statistical comparisons between men and women were 
made in six of the 12 studies. Four studies found men had a 
significant faster run time than women both pre- and post-
training [2, 16, 28, 37], one study only investigated post-
training differences between men and women and found men 
had a significantly faster run time than women [19], and one 
study found no significant sex by outcome interaction [27].
3.4.3  Other Outcomes
Other outcomes reflecting aerobic and anaerobic fitness 
(walking, progressive/shuttle runs and power) are tabulated 
in Electronic Supplementary Materials Table S1. One study 
[36] (two male and two female groups) measured 4 km walk 
time, finding a 9% median pre–post difference across groups, 
with little difference between female and male participants. 
Four studies measured shuttle runs or progressive runs [19, 
25, 35, 36] (six male and six female groups), finding a 5.7% 
median pre–post improvement; for men it was 5.4% and for 
women 16.1%. Improvements were observed in all groups, 
although statistical significance was reached only in two of 
the male groups and two of the female groups.
Statistical comparisons between men and women were 
made in only one study [19], where men ran for significantly 
longer on a shuttle run test than women post-training (pre-
training was not reported).
Three studies measured peak power or total work using 
a Wingate (or similar protocol to a Wingate) cycling test 
comp comparison, DEXA dual-energy X-ray absorptiometry, Int intervention, NR not reported
a Average of four-site skin fold
b Circumference measurements
c Two of six platoons were tested in week 7
d Sum for four skin folds (mm)
e DEXA
f Bioelectrical impedance
Table 3  (continued)
Study Sex N baseline Age (years) Height (m) Weight (kg) BMI (kg/m2) % body fat
Richmond et al. [3] Female 30 18.6 ± 1.9 1.63 ± 0.06 57.2 ± 6.5 NR 20.0 ± 3.6f
Male 30 18.9 ± 1.6 1.80 ± 0.07 73.8 ± 12.9 NR 9.5 ± 4.0f
Daniels et al. [13] Female 30 Range 17–21 1.64 ± 0.06 57.7 ± 6.0 NR 23.8 ± 4.0a
Male 30 1.77 ± 0.05 70.6 ± 7.6 NR 13.1 ± 3.2a
Blacker et al. [2] Female platoon 19 20.1 ± 3.4 1.71 ± 0.08 65.3 ± 8.5 NR 15.0 ± 8.0f
Male platoon 17
Mixed platoon 18 (9.9)
Williams et al. [35] Female 9 19.1 ± 2.2 1.64 ± 0.07 62.0 ± 7.2 NR 24.9 ± 3.2f
Male 43 19.2 ± 2.6 1.76 ± 0.07 73.0 ± 10.6 NR 11.3 ± 2.8f
Marcinik and Hodgdon [24] Female 9 27.7 ± 4.2 1.66 ± 0.05 65.0 ± 9.6 NR 23.5 ± 5.7b
Male 29 33.8 ± 5.5 1.78 ± 0.07 83.1 ± 14.8 NR 21.1 ± 6.3b
Mason et al. [25] Female 20 NR NR NR NR NR
Male 22 NR NR NR NR NR
Gambera et al. [17] Female ex 5 32.2 ± 7.4 NR 71.6 ± 3.3 25.1 ± 1.0 NR
Male ex 12 32.8 ± 6.2 NR 77.1 ± 10.7 25.2 ± 2.8 NR
Female ex + diet 7 32.7 ± 8.3 NR 66.1 ± 6.2 24.0 ± 3.1 NR
Male ex + diet 8 33.8 ± 7.1 NR 86.9 ± 10.0 27.1 ± 1.6 NR
Daniels et al. [14] Female 7 NR NR NR NR NR
Male 11 NR NR NR NR NR
Sex-Specific Changes in Physical Performance Following Military Training
([24, 26, 37] six male and six female groups), finding a 1.7% 
median pre–post improvement; for men it was 0.1% and for 
women 3.7%. Small adverse, and insignificant, changes were 
observed in three of six male groups for this outcome.
Statistical comparisons between men and women were 
made in all three studies. One study found men had a sig-
nificantly higher peak power than women prior to training 
but this outcome was not assessed post-training [26]. One 
study found men had a significantly higher peak power than 
women both pre- and post-training [37] and one study found 
no significant differences between the sexes for all outcome 
measures [24].
3.5  Strength and Muscle Endurance
3.5.1  Whole Body Muscle Strength
Nine studies measured outcomes reflecting whole-body mus-
cle strength (ten male and ten female groups) [15, 18–20, 26, 
30, 32, 34, 35], of which eight provided the absolute data 
(Electronic Supplementary Materials Table S2; 28 cases 
pooled). Several of these outcomes are not strictly muscle 
strength outcomes but are intended to reflect specific mili-
tary tasks. However, we felt these outcomes fitted better into 
strength rather than aerobic outcomes given their carrying 
and lifting nature. One study [26] measured time to com-
plete a ‘run-dodge-jump’ assault course (two male and two 
female groups), and another [34], which looked at recruits 
being trained for military medical service, used an exercise 
Table 4  Quality appraisal
a Knapik et al. [22] reported as two-group, but treated as one-group for data analysis
Selection bias Study design Confounders Blinding Data collec-
tion method
Withdrawals/
dropouts
Overall rating
Knapik et al. [22]a Weak Weak Moderate Weak Weak Weak Weak
Teves et al. [32] Weak Weak Weak Weak Moderate Weak Weak
Knapik et al. [23] Moderate Weak Weak Weak Moderate Moderate Weak
Knapik et al. [21] Weak Weak Moderate Weak Moderate Weak Weak
Bell et al. [12] Moderate Weak Weak Weak Moderate Weak Weak
Hart et al. [18] Weak Weak Weak Weak Moderate Weak Weak
Yanovich et al. [38] Weak Weak Weak Weak Strong Weak Weak
Wood and Kruger [36] Weak Weak Moderate Weak Moderate Strong Moderate
Sharp et al. [30] Weak Weak Weak Weak Strong Weak Weak
Vogel et al. [33] Weak Weak Weak Weak Strong Weak Weak
Evans et al. [16] Weak Weak Weak Weak Strong Moderate Weak
Jetté et al. [20] Moderate Weak Weak Weak Moderate Moderate Moderate
Patton et al. [27] Moderate Weak Weak Weak Strong Moderate Moderate
Sharp et al. [29] Weak Weak Weak Weak Strong Weak Weak
Yanovich et al. [37] Weak Weak Weak Weak Strong Weak Weak
Drain et al. [15] Weak Weak Weak Weak Moderate Weak Weak
Sonna et al. [31] Weak Weak Weak Weak Strong Weak Weak
von Restorff [34] Weak Weak Weak Weak Moderate Strong Weak
Harwood et al. [19] Weak Weak Weak Weak Moderate Weak Weak
Rayson et al. [28] Weak Weak Weak Weak Moderate Moderate Weak
Patterson et al. [26] Weak Weak Weak Weak Moderate Weak Weak
Richmond et al. [3] Weak Weak Weak Weak Moderate Weak Weak
Daniels et al. [13] Weak Weak Weak Weak Strong Strong Weak
Blacker et al. [2] Weak Weak Weak Weak Weak Moderate Weak
Williams et al. [35] Weak Weak Weak Weak Moderate Moderate Weak
Marcinik and Hodgdon [24] Weak Weak Weak Weak Moderate Moderate Weak
Mason et al. [25] Moderate Weak Weak Weak Moderate Weak Weak
Gambera et al. [17] Moderate Strong Moderate Moderate Weak Strong Moderate
Daniels et al. [14] Weak Weak Weak Weak Strong Weak Weak
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designed to simulate carrying patients on a stretcher (one 
male and one female group). Several studies also measured 
tests of lifting heavy loads from ground level to a speci-
fied height, intended to simulate lifting tasks carried out on 
military operations. Across all these outcomes combined, 
the median pre–post improvement was 10.3%; for men it 
was 9.3% and for women 13.5%. Adverse differences were 
observed in three cases, of which one reached significance, 
while 18 cases significantly improved.
Statistical comparisons between men and women were 
made in five of the nine studies. One study found men were 
significantly better at the run, dodge, jump test than women 
prior to training but did not include post-training assess-
ments [26]. One study found men could lift a significantly 
heavier weight for the incremental dynamic lifting machine 
at 183 cm than women [20]. Two studies found a significant 
sex by time interaction for lifting a box to 145–150 cm [15] 
and the incremental dynamic lift machine at 152 cm [30], 
whilst one study found no significant differences between 
the sexes for the incremental dynamic lift machine at 145 cm 
[19].
3.5.2  Whole Body Power
Three studies measured whole body power (i.e. the abil-
ity to exert a maximum muscle contraction instantly in an 
explosive burst of movements; Electronic Supplementary 
Materials Table S3; three male and three female groups, 
16 cases pooled) [25, 30, 37]. Two studies measured ver-
tical jump power [30, 37] and one study measured power 
in a moving lift using an Aristokin (Lode, Groningen, The 
Netherlands) [25]. All three studies observed some adverse 
effects, with a median pre–post decline of − 13.3%; for men 
it was − 13.3% and for women − 17.9%. A significant decline 
was observed in three outcomes (vertical jump height, peak 
power and mean power) from the same study, in both the 
male and female groups [30].
Statistical comparisons between men and women were 
made in two of the three studies. One study found no signifi-
cant difference between the sexes for ground reaction force 
[37] and one study found a significant sex by time interaction 
for peak and mean power [30].
3.5.3  Muscle Endurance
Six studies measured muscle endurance (i.e. the repetition 
of muscle activity to exhaustion; Electronic Supplementary 
Materials Table S4; seven male and seven female groups, 16 
cases pooled) [19, 20, 24–26, 35]. Various exercises were 
used for these measures, including repetition to fatigue of 
bicep curls, pull-ups and bench press. Across these stud-
ies, the median pre–post improvement was 19.6%; for men 
it was 19.6% and for women 27.2%. However, there was 
considerable variability in the outcomes, with no change, 
or a decline, in muscle endurance in five cases, and large 
improvements of over 50% in others. Six cases observed a 
significant improvement in muscle endurance [20, 24].
Statistical comparisons between men and women were 
made in four of the six studies. One study found men could 
complete significantly more pull-ups than women prior to 
training but this outcome measure was not assessed post-
training [26]. This finding was supported by another study, 
albeit at post-training (they did not assess pre-training) [19]. 
One study found men could complete significantly more 
bicep curls before fatigue compared to women [20] and one 
study found no significant differences between the sexes for 
bench press and leg press until fatigue [24] (although the 
required weights used by males and females were set at dif-
ferent values).
3.5.4  Push‑Ups
Six studies measured the maximum number of push-ups 
(press-ups) participants could perform, either in 2 min or to 
exhaustion [12, 21, 22, 26, 36, 37]. The six studies included 
data on nine male and nine female groups (Electronic 
Supplementary Materials Fig. S3). All but three groups 
recorded higher scores after training than before training. 
In all but three cases the pre–post improvements were higher 
for female participants than for men. The median relative 
pre–post improvement was 51.8% overall; for men it was 
49.8% and for women 70.6%. This median figure conceals 
a wide range in the findings, with some groups showing no 
pre–post difference (or even an adverse difference in one 
case) and some showing very substantial improvements of 
more than 100%. Significant improvements were observed 
in ten of the 18 groups (five male and five female groups).
Statistical comparisons between men and women were 
made in three of the six studies. One study found men could 
complete significantly more push-ups than women prior 
to training but this same outcome was not assessed post-
training [26] and two studies found men could complete 
significantly more push-ups than women both pre- and post-
training [12, 37].
3.5.5  Sit‑ups
Seven studies measured the number of sit-ups participants 
could perform. The seven studies contained data on eight 
male and eight female groups (Electronic Supplementary 
Materials Fig. S4) [12, 19, 21, 22, 25, 36, 37]. This figure 
does not show two studies included in the analysis here, one 
that used abdominal curls rather than sit-ups and so observed 
much larger absolute values [25], and one that measured 
endurance time on a progressive test, rather than the number 
of repetitions performed [19]. All groups recorded higher 
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scores after training than before. In all cases the pre–post 
improvements were higher for female participants than for 
men. The median relative pre–post improvement was 47.3% 
overall; for men it was 35.6% and for women 53.2%. Signifi-
cant improvements were observed in ten of the 18 groups 
(five male and five female groups).
Statistical comparisons between men and women were 
made by three of the seven studies. One study found men 
could complete significantly more sit-ups than women both 
pre- and post-training [12]; one study found no significant 
differences between men and women both pre- and post-
training [37] and one study only investigated post-training 
differences between men and women, but also found men 
could complete significantly more sit-ups than women [19].
3.5.6  Upper Body Strength
Ten studies measured upper body strength, of which nine 
provided absolute data, using a range of specific exercises, 
including, among others, bench press, shoulder press and 
bicep curls (Electronic Supplementary Materials Table S5; 
11 male and 11 female groups; 34 cases pooled) [13, 18–20, 
23, 24, 26, 30, 33, 34]. Across these studies the median 
pre–post improvement was 8.5%; for men it was 6.9% and 
for women 13.0%. Adverse changes were observed in eight 
cases (five male and three female groups), of which two 
reached significance (one male and one female group), 
whilst 23 cases significantly improved (11 male and 12 
female groups).
Statistical comparisons between men and women were 
made in six of the ten studies. One study found men could 
bench press significantly heavier weights than women, but 
this outcome was not assessed post-training [26]. Two stud-
ies found men could bicep curl significantly heavier weights 
than women pre- and post-training [20, 24]. One study found 
men had significantly better trunk extensor strength and 
upper torso strength pre- and post-training [23]. Finally, 
no significant differences were found between the sexes for 
all other studies [19, 20, 24, 30] and their outcomes (back 
extension, bench press, latissimus dorsi pulldown, shoul-
der arm push, shoulder press, static arm shoulder strength, 
elbow flexion, upper torso strength).
3.5.7  Lower Body Strength
Ten studies measured lower body strength, of which nine 
provided absolute data, using a range of specific exercises, 
including leg press, leg extensor and knee flexor strength 
(Electronic Supplementary Materials Table S6; 11 male and 
11 female groups; 28 cases pooled) [13, 19, 23–26, 30, 32, 
33, 35]. Across these studies the median pre–post improve-
ment was 8.9%; for men it was 7.0% and for women 10.5%. 
Adverse changes were observed in five cases, but none 
reached significance, whilst significant improvements were 
observed in 14 cases (seven male and seven female groups).
Statistical comparisons between men and women were 
made in five of the ten studies. Upright pull from 38 cm 
was not significantly different between men and women in 
two studies [19, 30], but men performed significantly bet-
ter than women pre-training in one study [26] (it was not 
assessed post-training). Leg press was not significantly dif-
ferent between men and women in one study pre- or post-
training [24], but men were significantly better than women 
pre-training in another [26] (leg press was not assessed post-
training). Knee extensor strength [24], leg extensor strength 
[23] and lower body strength [30] were all not significantly 
different between the sexes post-training.
3.5.8  Grip Strength
Five studies measured hand-grip strength (Electronic Sup-
plementary Materials Table S7, six male and six female 
groups; 18 cases pooled) [18, 20, 26, 32, 34]. Most of 
these studies observed an adverse (although not significant) 
pre–post decline, with a median difference of − 0.5%; for 
men it was − 0.2% and for women − 0.7%. A significant 
improvement in grip strength was observed in two studies 
(four groups, two male and two female).
Statistical comparisons between men and women were 
made in two of the five studies. One study found no sig-
nificant differences between the sexes for combined grip 
strength [20] and one study found men had a significantly 
stronger left and right hand grip than women prior to train-
ing but this outcome was not assessed post-training [26].
3.6  Comparative Studies
As noted from the quality appraisal (Table 4), few (n = 5) 
studies used controlled designs.2 In one case [17], the only 
randomised trial included, the two study arms both received 
the same training intervention (while one also received die-
tary advice), meaning the randomised element is not relevant 
to this review. Only V̇O
2max
 was measured by this study. 
Significant relative improvements were observed by all four 
groups, but statistical analyses between the sexes were not 
conducted. One study [38] compared basic training received 
by soldiers (women and men) preparing for combat roles 
with less demanding training undertaken by women in non-
combat military service roles. This study also only assessed 
2 One further study by Knapik et  al. [21] also used a controlled 
design, but the data reported do not allow interpretation in terms of a 
comparison of effectiveness of the arms.
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V̇O
2max
 and found approximately similar relative improve-
ments between the two groups of women over the study 
period. Again, statistical sex analyses were not conducted.
Three studies compared different types of training inter-
vention. None of these studies were randomised and there 
was limited information on allocation, meaning there is a 
possibility of confounding. One study [22] compared ‘tradi-
tional’ basic combat training to a new programme, ‘Physical 
Readiness Training’, which incorporated a more varied range 
of exercises and less running, with the primary objective 
of reducing injuries. Similar improvements in fitness out-
comes (2-mile run time, maximum push ups and sit ups in 
2 min) from the two training programmes were recorded for 
both men and women. Following the two different training 
programmes, there were no significant differences between 
the proportion of recruits (male or female) passing the ini-
tial Army Physical Fitness Test (APFT). Significant differ-
ences between the sexes were not reported. One study [26] 
similarly compared a revised training programme to usual 
combat training. However, while a detailed breakdown of 
the new programme is reported in the study, no information 
is reported on the training received by the usual-treatment 
control group, so the interpretation of this study is lim-
ited. This study found significant pre–post differences for a 
number of outcomes (e.g. bench press, leg press, and a run, 
dodge, jump course) in the intervention group compared to 
the control group. However, with low sample sizes (female 
intervention n = 9, female control n = 3; male intervention 
n = 13, male control n = 6) these results must be interpreted 
with caution. Sex comparisons were made for the fitness 
outcomes prior to training (all outcomes were significantly 
better in men compared to women) but were not reported 
post-training. Finally, one study [36] compared a revised 
‘cyclic-progressive’ training programme to usual basic com-
bat training (BCT), with the revisions including more jog-
ging, upper body and abdominal exercises, and less warm-up 
and games (approximately the opposite to the findings of 
Knapik et al. [22]). This study found significantly greater 
improvements for intervention than control participants in 
both strength and aerobic fitness for both men and women. 
Again, sex comparisons were not reported.
4  Discussion
Here we present the first systematic review of the literature 
investigating the changes in physical performance over a 
period of military training in men and women. It was previ-
ously unclear whether sex differences exist in the adapta-
tion to military training and, therefore, whether sex-specific 
training should be employed to optimise training adapta-
tions. Despite all retrieved studies containing both male and 
female groups undergoing the same training, few studies 
statistically evaluated study outcomes by sex. In studies 
where sex differences were statistically evaluated, there were 
typically no differences in the physical performance adapta-
tions to training between sexes. However, sex differences 
were evident at pre- and/or post-training time-points across 
a range of performance components. Aerobic fitness and 
muscle strength were most consistently increased across all 
study groups following military training, with more varied, 
inconsistent results in components of fitness/performance 
including muscle endurance, push-ups, sit-ups and lower 
body muscle strength. This systematic review provides a 
novel and comprehensive insight into sex differences in the 
performance response to military training.
Sex differences in the physical performance response 
to military training were statistically evaluated in 51% of 
studies. Statistical analyses varied among studies with some 
studies assessing the sex by outcome/time interaction, and 
other studies only evaluating pre- or post-training differ-
ences. Sex differences were observed in 63% of studies eval-
uating sex differences, although the majority of these stud-
ies (87%) demonstrated significant sex differences pre- and 
post-training, or pre-/post-training only, rather than a sex by 
outcome/time interaction. These data suggest that the physi-
cal performance response in men and women undergoing 
military training is similar (i.e. both men and women will 
improve following a training programme), yet highlight clear 
performance differences between the sexes prior to training 
that are not negated with military training (i.e. men perform 
better on the pre-training physical tests and remain better 
post-training when compared to women).
The lack of any apparent divergent responses for men 
and women to military physical training is promising in that 
existent training practices, despite often being inherited from 
typically male-orientated training environments, are not lim-
iting for women. However, we are also unable to say whether 
military training is currently in its most effective form for 
both men and women, acknowledging the impact of com-
peting demands/constraints inherent within BMT, and the 
fact that training is largely designed for expediency, large 
numbers and limited resources [39]. Given that the physical 
performance of women following military training is not, 
on average, at an equivalent level to that of men, specific 
physical training programmes may need to be developed and 
evaluated for women, particularly if women are to operate 
successfully in physically arduous GCC roles. The training 
gains of ~ 10% across a number of outcomes documented in 
our systematic review and other studies [2, 3] are smaller 
than can be achieved in women with specific, progressive, 
periodised training [39–41], and suggest that alternative 
training programmes may need to be employed to support 
women in passing the physical employment standards  [42] 
of GCC roles and sustaining a successful GCC career. Future 
work should consider whether current military training is 
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most effective in its current form for both men and women, 
or whether alternative training programmes would be more 
effective in developing physical performance across the 
range of performance components.
Due to the physical demands of GCC training and 
employment, it is necessary for military training to effec-
tively develop a range of physical performance attributes, 
including aerobic endurance, anaerobic endurance, muscle 
strength, muscle power and mobility. Our data demonstrate 
that aerobic endurance and muscle strength (whole body 
and upper body) performance were improved most consist-
ently across studies in our review, with the vast majority 
of studies showing significant improvements in these met-
rics. Although sit-up and press-up performance tests had 
the greatest median improvement of all the performance 
outcomes, significant improvements were only measured in 
56% of cases. Whole body power appeared to be adversely 
affected by military training with a negative median change, 
although only one study demonstrated a significant decre-
ment in performance, with all other studies showing no sig-
nificant change. Muscle endurance and lower body muscle 
strength were significantly improved in 38% and 50% of 
cases, respectively. These data suggest that military train-
ing leads to gains in some, but not all, components of fitness.
Improvements in aerobic endurance over the course of 
BMT have been demonstrated in a number of studies [2, 
3]. Typically, military training involves a high volume of 
running or locomotion on foot and thus it is not surprising 
that aerobic fitness is developed during this period. More-
over, aerobic fitness is a key component of load carriage 
performance [8], an essential military activity performed 
frequently in BMT. Muscle strength is also considered a key 
performance attribute for military personnel, with 88% of 
military tasks involving lifting and carrying of some nature 
[28] and resistance training being important for load car-
riage performance [8]. However, performing both endurance 
and resistance exercise concurrently, as is typical of military 
training, can result in an interference effect [43], whereby 
the adaptations that would arise from training each exer-
cise type in isolation are attenuated. The improvements in 
aerobic endurance from the physical training programmes, 
combined with the fact that running endurance training 
results in greater lower body strength interference than 
other modes of endurance training [44], may explain our 
findings of improved upper body strength, but typically not 
lower body strength. Considering the requirement for GCC 
soldiers to lift and carry heavy loads, often over long dis-
tances, combined with aerobic endurance and strength train-
ing being essential components of load carriage performance 
[8], developing both whole body strength/power and aerobic 
fitness will be critical for success in GCC roles. Although 
men typically outperform women on physical tests, British 
Army data demonstrate an overlap in physical performance 
between men and women whereby the highest performing 
women outperform the lowest performing men. The greatest 
overlap is observed in the 1.5-mile endurance run, with the 
least overlap in the Powerbag lift strength test, suggesting 
that strength may be the fitness component requiring greatest 
attention for women. Targeted efforts to effectively physi-
cally develop trainees and serving military personnel in a 
multi-exercise training environment need to be prioritised, 
particularly for the female GCC soldier who will typically 
display lower physical capability than her male counterpart.
Sex comparisons within each performance component, 
in general, are largely reflected by the overall sex compari-
sons discussed previously. Often sex comparisons were not 
made and in instances where statistical comparisons of 
data between sexes were evaluated, the predominant find-
ing tended to represent pre-/post-training differences rather 
than any interaction effect. These data suggest that attention 
needs to be afforded to both men and women, optimising 
delivery of physical training to achieve the most effective 
gains in all components of physical performance of rele-
vance to the military.
In summary, given that enhancing performance of a spe-
cific physical capability is not the primary aim of BMT, with 
little recovery time to effectively adapt to physical train-
ing and the potential for interference effects from different 
training modalities, we are unable to conclusively answer 
the question of whether men and women respond differently 
to targeted physical training. However, the large participant 
numbers, within-subject pre–post design, and the ‘real-life’ 
application of the included studies does allow us to con-
clude that the physical performance of men and women in 
a number of attributes is improved over the course of BMT. 
Moreover, the relative gains in these performance attributes 
are not compromised in women compared to men, suggest-
ing that both sexes have the capacity to effectively improve 
their physical performance during BMT. Understanding the 
impact of training with different exercise modes on over-
all physical adaptation, including mechanistic differences 
between men and women, will be important in our under-
standing of whether men and women need to be trained dif-
ferently to optimise the response to physical training in both 
sexes. Future work reviewing the training literature outside 
of the military environment may provide a greater under-
standing of the mechanisms that underpin sex differences in 
the response to training programmes, facilitating the design 
of effective training programmes for military personnel.
4.1  Limitations in the Evidence Base
The major gap in the evidence base identified by this review 
is the lack of controlled prospective studies (i.e. studies that 
have a control group completing BMT and an interven-
tion group completing a new training programme), ideally 
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randomised trials, of training interventions in military popu-
lations that statistically compare sex differences. This review 
located very few studies using controlled designs, with rel-
evant comparisons. Instead, studies were typically a single 
intervention with a pre/post design, and these studies were 
generally rated as low-quality evidence from our quality 
appraisal. There is a substantial body of evidence reporting 
the response of male and female personnel to training, par-
ticularly initial military training. However, these studies can 
be treated as studies of effectiveness only to a limited extent 
(and, indeed, in many cases do not seem to be conceived as 
such by their authors): the absence of comparison groups 
limits the internal validity of the findings and makes it dif-
ficult to synthesise the results quantitatively. Higher quality 
evidence would be obtained if studies were designed to spe-
cifically investigate sex differences in the response to physi-
cal training. This would offer greater insight into whether 
men and women respond differently to physical training, 
and such studies should be prioritised in future if we are to 
develop effective physical training programmes for military 
personnel.
Given that most studies were conducted during BMT, 
the time frame of sampling matched the lengths of these 
initial training programmes (approximately 3 months in 
most cases). The lack of evidence on longer-term outcomes 
may be of concern for two reasons: we are unable to deter-
mine firstly, whether these initial training improvements are 
maintained over time in both men and women, and secondly, 
whether longer training programmes result in continued fit-
ness improvements in both men and women.
Apart from the use of uncontrolled single-group designs, 
the studies have several other methodological limitations. 
Selection bias may be pertinent since sampling and recruit-
ment information was limited across all studies. Limita-
tions in reporting of the methods used for each fitness test 
preclude conducting indirect comparisons across studies 
(since they would be heavily confounded). In addition, many 
studies presented limited information on the content of the 
physical training undertaken. Finally, the results do not sup-
port conclusions about the relative effectiveness of different 
training regimens or environments.
A further limitation of the evidence was that most stud-
ies analysed those who completed, and excluded those who 
dropped out of, training. In many cases attrition rates were 
substantial and the reasons were not always clear. However, 
the majority of the attrition seems to reflect participants 
either being injured or being discharged from the military 
for other reasons, rather than simple loss to follow-up. The 
pre–post results extracted and analysed in this review effec-
tively ignore these participants. From a practical viewpoint, 
the impact of the training intervention on participants who 
do not complete training is arguably of secondary impor-
tance. Nonetheless, the limited data on dropouts in most 
studies, and the absence of controlled studies using intent-
to-treat analysis, means that it is unclear what impact attri-
tion may have had on the reported changes in physical 
performance.
Although some studies attempted to evaluate changes in 
military-specific task performance using outcome meas-
ures more aligned to the physical demands of military per-
formance [26, 34, 35], most studies used standard tests of 
physical performance. The relevance of standardised out-
come measures for practice is not always clear, particularly 
in the highly variable and challenging environment of the 
battlefield. These limitations regarding applicability war-
rant consideration, although the benefit of valid, repeatable 
and sensitive standardised measures should not be over-
looked, particularly when the objective is to compare perfor-
mance between the sexes across different physical training 
programmes.
4.2  Limitations of the Review
This review was based on robust systematic review meth-
odology, including extensive and highly sensitive searches, 
screening using a priori criteria, and transparent processes 
for data extraction and synthesis. The result of these methods 
is a comprehensive evidence base that has been produced 
with minimal bias in the selection of studies and findings. 
However, these methods are not without their limitations.
Based on 96.4% agreement, 90% of the studies in this 
review were single screened by CC, JVC and TL. Whilst 
single screening is a potential technical limitation to this 
review, the review team are experienced systematic review-
ers, who also conducted extensive supplementary searches.
The need to draw clear boundaries regarding inclusion 
criteria resulted in material that may have initially seemed 
relevant being excluded. Typical examples of excluded stud-
ies were those that used different measures at baseline and 
post-test, or for men and women, and studies comparing dif-
ferent samples (i.e. not the same individuals) at baseline and 
post-test. The review aims were to include only prospective 
studies, but this criterion was not applied strictly since the 
reporting of studies often did not allow clear determination 
of whether studies were prospective or not. Nonetheless, 
studies were excluded where it was clearly stated that a ret-
rospective design was used. Purely observational studies, 
i.e. studies that did not include an intervention (or only com-
pared outcomes between men and women at a single time 
point), were excluded. Such studies may have been contex-
tually relevant, but did not enable assessment of the impact 
of physical training.
The limitations of the evidence base (Sect. 4.1) pre-
cluded a full meta-analysis, which could have produced 
pooled effect sizes for the outcomes evaluated. Instead, full 
outcome data have been presented (where appropriate) and 
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unstandardised, unweighted median pre–post differences 
to characterise the overall findings were used. While this 
approach also has some limitations, and the data presented 
should not be confused with a full meta-analysis, presenta-
tion of the data in this manner provides an indication of the 
magnitude of the changes observed in the studies. It should 
also be noted that comparing the pre- and post-training mean 
values for the whole group, and expressing this difference 
as a change score, may often give very different results to 
taking the mean of the change scores for each individual.
5  Conclusions
We present a systematic review of performance responses 
to physical training in military men and women. Typically, 
there were no sex differences in the physical performance 
adaptation to military training. Changes in aerobic endur-
ance and muscle strength (whole body and upper body) out-
comes were more consistently observed across study groups 
than changes in muscle power, lower body muscle strength 
and muscle endurance. Outcome measures of these physical 
performance parameters were largely not military-specific 
activities and thus may have not adequately represented 
changes in military-specific physical performance. Moreo-
ver, many of the included studies were not of a prospective, 
randomised, controlled trial design, but rather an evaluation 
of changes in physical performance over the course of BMT. 
Future work should focus on evaluating sex differences in 
response to physical training designed to improve a spe-
cific physical capability, and to understand the mechanisms 
underpinning adaptation to physical training in both sexes.
Acknowledgements This article is a summarised version of a full sys-
tematic review and report commissioned by DHCSTC: ‘Cooper C, 
Varley-Campbell J, Lorenc T, Wilkerson D. Optimal physical training 
strategies to prepare male and female military personnel for perfor-
mance of tasks associated with Ground Close Combat (GCC) roles. 
2016’. The authors would like to acknowledge Dr. Piete Brown from the 
Women in Ground Close Combat (WGCC) team for his input into the 
conduct of this work and Dr Tom O’Leary (WGCC) for his suggested 
edits to the manuscript.
Compliance with Ethical Standards 
Funding This work was commissioned through the Defence Human 
Capability Science and Technology Centre (DHCSTC, Grant number 
TIN 3.199). DHCSTC had no role in the design, analysis or writing 
of this article.
Conflict of interest Jo Varley-Campbell, Chris Cooper, Daryl Wilker-
son, Sophie Wardle, Julie Greeves and Theo Lorenc declare that they 
have no conflicts of interest relevant to the content of this review.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
 1. Greeves JP. Physiological implications, performance assessment 
and risk mitigation strategies of women in combat-centric occupa-
tions. J Strength Cond Res. 2015;29:S94–100.
 2. Blacker SD, Wilkinson DM, Rayson MP. Gender differences in 
the physical demands of British Army recruit training. Mil Med. 
2009;174(8):811–6.
 3. Richmond VL, Carter JM, Wilkinson DM, Horner FE, Rayson 
MP, Wright A, et al. Comparison of the physical demands of sin-
gle-sex training for male and female recruits in the British Army. 
Mil Med. 2012;177(6):709–15.
 4. Centre for Reviews and Dissemination. Systematic reviews. 
CRD’s guidance for undertaking reviews in health care. CRD, 
University of York, 2009. https ://www.york.ac.uk/media /crd/Syste 
matic _Revie ws.pdf. ISBN 978-1-900640-47-3
 5. PubMed. http://www.ncbi.nlm.nih.gov/pubme d. Accessed Dec 
2015.
 6. Cooper C, Booth A, Britten N, Garside R. A comparison of results 
of empirical studies of supplementary search techniques and rec-
ommendations in review methodology handbooks: a methodologi-
cal review. Syst Rev. 2017;6(1):234.
 7. Effective Public Health Practice Project. Quality assessment tool 
for quantitative studies http://www.ephpp .ca/PDF/Quali tyAss 
essme ntToo l_2010_2.pdf. Accessed Dec 2015.
 8. Knapik JJ, Harman EA, Steelman RA, Graham BS. A systematic 
review of the effects of physical training on load carriage perfor-
mance. J Strength Cond Res. 2011;26:585–97.
 9. Wentz L, Liu PY, Haymes E, Ilich JZ. Females have a greater inci-
dence of stress fractures than males in both military and athletic 
populations: a systemic review. Mil Med. 2011;176:420–30.
 10. Jones BH, Thacker SB, Gilchrist J, Kimsey CD Jr, Sosin DM. Pre-
vention of lower extremity stress fractures in athletes and soldiers: 
a systematic review. Epidemiol Rev. 2003;24:228–47.
 11. Courtright SH, McCormick BW, Postlethwaite BE, Reeves CJ, 
Mount MK. A meta-analysis of sex differences in physical ability: 
revised estimates and strategies for reducing differences in selec-
tion contexts. J Appl Psychol. 2013;98:623–41.
 12. Bell NS, Mangione TW, Hemenway D, Amoroso PJ, Jones BH. 
High injury rates among female army trainees—a function of gen-
der? Am J Prev Med. 2000;18(3):141–6.
 13. Daniels WL, Kowal DM, Vogel JA, Stauffer RM. Physiological 
effects of a military training program on male and female cadets. 
Aviat Space Environ Med. 1979;50(6):562–6.
 14. Daniels WL, Wright JE, Sharp DS, Kowal DM, Mello RP, Stauffer 
RS. The effect of two years’ training on aerobic power and muscle 
strength in male and female cadets. Aviat Space Environ Med. 
1982;53(2):117–21.
 15. Drain JR, Sampson JA, Billing DC, Burley SD, Linnane DM, 
Groeller H. The effectiveness of basic military training to improve 
functional lifting strength in new recruits. J Strength Cond Res. 
2015;29(Suppl 11):S173–7.
 16. Evans RK, Antczak AJ, Lester M, Yanovich R, Israeli EA, Moran 
DS. Effects of a 4-month recruit training program on markers of 
bone metabolism. Med Sci Sports Exerc. 2008;40(11):S660–70.
 17. Gambera PJ, Schneeman BO, Davis PA. Use of the Food Guide 
Pyramid and US Dietary Guidelines to improve dietary intake and 
reduce cardiovascular risk in active-duty Air Force members. J 
Am Diet Assoc. 1995;95:1268–73.
 J. Varley-Campbell et al.
 18. Hart LEM, Allen CL, Cox KM. Effect of a 10-week military train-
ing-program on upper body strength in male and female recruits. 
Med Sci Sports Exerc. 1985;17(2):196.
 19. Harwood GE, Rayson MP, Nevill AM. Fitness, performance, 
and risk of injury in British Army officer cadets. Mil Med. 
1999;164:428–34.
 20. Jette M, Sidney K, Kimick A. Effects of basic training on Cana-
dian Forces recruits. Can J Sport Sci. 1989;14(3):164–72.
 21. Knapik J, Darakjy S, Scott SJ, Hauret KG, Canada S, Marin R, 
et al. Evaluation of a standardized physical training program for 
basic combat training. J Strength Cond Res. 2005;19:246–53.
 22. Knapik JJ, Hauret KG, Arnold S, Canham-Chervak M, Mansfield 
AJ, Hoedebecke EL, et al. Injury and fitness outcomes during 
implementation of physical readiness training. Int J Sports Med. 
2003;24:372–81.
 23. Knapik JJ, Wright JE, Kowal DM, Vogel JA. The influence of U.S. 
Army Basic Initial Entry Training on the muscular strength of men 
and women. Aviat Space Environ Med. 1980;51(10):1086–90.
 24. Marcinik EJ, Hodgdon JA. Shipboard physical conditioning-a 
pilot-study of circuit weight training for navy men and women. 
Aviat Space Environ Med. 1984;55:463.
 25. Mason MJ, N’Jie M, Rayson MP, Holliman DE. The physical 
demands of basic training in British Army recruits: a pilot study; 
1996. Report No.: DRA/CHS(HS2)/CR96/019.
 26. Patterson MJRWS, Lau WM. Gender and physical training effects 
on soldier physical competencies and physiological strain. Fish-
ermans Bend, Victoria; 2005.
 27. Patton JF, Daniels WL, Vogel JA. Aerobic power and body-fat of 
men and women during army basic training. Aviat Space Environ 
Med. 1980;51(5):492–6.
 28. Rayson MP, Wilkinson DA, Valk E, Nevill AM. The physical 
demands of army basic training. Contemp Ergon. 2003;209:14.
 29. Sharp DS, Wright JE, Vogel JA, Patton JF, Daniels WL. Screening 
for physical capacity in the U.S. Army: an analysis of measures 
predictive of strength and stamina. U S Army Research Institute 
of Environmental Medicine, Natick MA; 1980. Report Number 
T-8/80.
 30. Sharp MA, Knapik JJ, Patton JF, Smutok MA, Hauret K, Canham-
Chervak M, et al. Physical fitness of soldiers entering and leaving 
basic combat training. U S Army Research Institute of Environ-
mental Medicine Natick MA; 2000. Report number T00-13.
 31. Sonna LA, Sharp MA, Knapik JJ, Cullivan M, Angel KC, Patton 
JF, et al. Angiotensin-converting enzyme genotype and physi-
cal performance during US Army basic training. J Appl Physiol. 
2001;91(3):1355–63.
 32. Teves MA, Wright JE, Vogel JA. Performance on selected can-
didate screening test procedures before and after army basic 
and advanced individual training. US Army Research Institute 
of Environmental Medicine Natick MA; 1985. Report number 
T13/85.
 33. Vogel JA, Ramos MU, Patton JF. Comparisons of aerobic power 
and muscle strength between men and women entering United-
States-Army. Med Sci Sports Exerc. 1977;9(1):58.
 34. von Restorff W. Physical fitness of young women: carrying simu-
lated patients. Ergonomics. 2000;43:728–43.
 35. Williams AG, Rayson MP, Jones DA. Resistance training and the 
enhancement of the gains in material-handling ability and physical 
fitness of British Army recruits during basic training. Ergonomics. 
2002;45(4):267–79.
 36. Wood PS, Kruger PE. Comparison of physical fitness outcomes of 
young South African military recruits following different physical 
training programs during basic military training. S Afr J Res Sport 
Phys Educ Recreat. 2013;35(1):203–17.
 37. Yanovich R, Evans R, Israeli E, Constantini N, Sharvit N, Merkel 
D, et al. Differences in physical fitness of male and female recruits 
in gender-integrated army basic training. Med Sci Sports Exerc. 
2008;40:S654–9.
 38. Yanovich R, Merkel D, Israeli E, Evans RK, Erlich T, Moran DS. 
Anemia, iron deficiency, and stress fractures in female combatants 
during 16 months. J Strength Cond Res. 2011;25:3412–21.
 39. Nindl BC. Physical training strategies for military women’s per-
formance optimization in combat-centric occupations. J Strength 
Cond Res. 2015;29(Suppl 11):S101–6.
 40. Harman E, Frykman P, Palmer C, Lammi E, Reynolds K. Effects 
of a specifically designed physical conditioning program on the 
load carriage and lifting performance of female soldiers (No. 
USARIEM-T98-1). Army Research Institute of Environmental 
Medicine. Natick MA; 1997.
 41. Kraemer WJ, Mazzetti SA, Nindl BC, Gotshalk LA, Volek JS, 
Bush JA, et al. Effect of resistance training on women’s strength/
power and occupational performances. Med Sci Sports Exerc. 
2001;33(6):1011–25.
 42. Tipton MJ, Milligan GS, Reilly TJ. Physiological employment 
standards I. Occupational fitness standards: objectively subjec-
tive? Eur J Appl Physiol. 2013;113(10):2435–46.
 43. Hickson RC. Interference of strength development by simulta-
neously training for strength and endurance. Eur J Appl Physiol 
Occup Physiol. 1980;45(2–3):255–63.
 44. Wilson JM, Marin PJ, Rhea MR, Wilson SM, Loenneke JP, Ander-
son JC. Concurrent training: a meta-analysis examining interfer-
ence of aerobic and resistance exercises. J Strength Cond Res. 
2012;26(8):2293–307.
